Introduction
As well known, whisker reinforcement of cera mics has high potentials to improve the fracture toughness and mechanical strength,1)2) According to the crack deflection theory by Faber and Evans,3) the degree of fracture toughness increase depends upon the volume fraction and aspect ratio of whiskers in the ceramics composite materials. In the powder processing of whisker reinforced ceramics, the first step is to disperse a lot of long whiskers uniformly in the matrix powders. The next step is to densify the green compact to full density at low temperatures to prevent the grain growth of matrix powders or undesired reaction between matrix and whiskers. The final physi cochemical or mechanical propery of the sintered materials is influenced by porosity, microstruc ture and chemical/phase composition, and de pends upon the processing used. When proces sing is done with submicron size powders, col loidal processing is superior to conventional dry processing for the production of ceramics or ceramics composite materials with uniform microstructure.4)-6). That is, the main purpose of tively. The well-dispersed stable suspensions, which can be evaluated by the height of the cloudy layer as a function of settling time,8) were formed in the pH range 3.2-6.0 for Al2O3 powders and pH 10.5 for Si3N4 whiskers. Lower stability of Al2O3 powder suspension at high pH (pH>8) suggests that Al2O3 surface negatively charged in AlO2-has lower dispersion effect as compared with positively charged surface Al(OH)2+or AlOH2+17),18) In addition, the relatively low zeta potential of Al2O3 particles at pH>7 would be one of the reasons for low degree of dispersion (Fig. 2) . On the other hand, the dispersion results for Si3N4 whiskers were in accord with the prediction from the data of zeta potential, sug gesting high dispersion effect of SiO2OH-surface at high pH. The final packing density of cake associated with the dispersion state of colloidal solid is shown in Fig. 5 . Figure 5 indicates apparently that the particles or whiskers in the welldispersed stable suspension form dense cake during sedimentation.
That is , increasing the degree of dispersion of the colloidal suspension is Properties and Consolidation of the Suspension in the Alumina Powder-Silicon Nitride Whisker System the first step in achieving higher green density . Figure 6 shows the rheological property of the suspension for the Al2O3 powders (95vol%)-Si3N4 whiskers (5vol%) system. The shear rate shear stress relation of the suspension changed from Newtonian to Bingham behavior with in creasing pH or solid content. Figure 7 (Fig. 3) Figure 8 indicates that the suspen sion of lower viscosity and at the same time higher solid content gives the higher green de nsity. The viscosity reflects the degree of disper sion and flexibility of Al2O3 particles and Si3N4 whiskers in the aqueous suspension . In the lower viscosity suspension, the well-dispersed colloid al particles and whiskers have a tendency to form an ordered structure during the phase transforma tion from colloidal liquid to colloidal solid .5), 20) Increasing the solid content in the suspension promotes the formation of nuclei, of colloidal solid. Nuclei of increased number grow into a polycrystalline-like microstructure rather than glassy-like (or liquid-like) structure during the consolidation.
As a result, the green density becomes higher at higher solid content of the suspension because the density of crystalline is higher than that of glass. Another potential effect of increasing the solid content in the suspension is to prevent the long range segregation between Al2O3 particles and Si3N4 whiskers due to the differential mass during consolidation.21)-23) Pre vention of this segregation leads to the increase of green density and uniformity of microstructure of the compacts because smaller particles fill the voids formed among larger particles or whiskers. This fact can be well recognized in the higher green density of bimodal particle size system.5),21) Fig. 9 . Pore size distributions of the green compacts (95vol% Al2O3 powders-5vol% Si3N4 whisker) con solidated from the suspension of about 10vol% solid content at pH 3, 6 and 10. be achieved by increasing green density . Thus, the increase in the green density leads to the formation of advanced microstructure of powder compact. Fig. 11 . Pore size distributions before and after isosta tic pressing at 392MPa regarding the green compacts (95vol% Al2O3 powders-5vol%
Si3N4 whiskers) con solidated by filtration from the suspension at pH 3 . Aknowledgement
